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Caveat Emptor

e The B group at CDF is very active!

e At the moment we have:

- 48 “public” B physics results
e 18 since ICHEP '04
e 8 published (lots of publications in the pipeline!)

e Too vast to be covered in 30 minutes!

| made my choices, we can chat offline about
your favorite analysis!

Other little caveat:

e HEP Is a ‘large’ community but CDF has been
around for years... I will not cover explicitly
detector performances and features!

 Minimal description of reference information



The basics!

CDF Il has collected so far ~0.8 fb! out of the delivered

Tevatron luminosity

*Out of these there are 600 pb-! available for B physics
(tracking detectors restrictions)

Most analyses shown today use between 250 pb-! and 350 pb-!

of luminosity!

Year 2002 2003 2004 2005 — 30—
_ Month1 4 7 10 1_4 7101 4 7 1-411:
- [ a.
"81000 = 2501
" L e
z i o :
- p— o c
g 800} £ 2001
.E [ = .
[ =
B 600} 13 150+
- i o
] L @ B
2 ool = 100
o 1 = | _
= 4007 =3 2005
L ‘té i
i ] 50
200 i DE:[l‘ivired = /
i 0 tape I
ﬂ I ri 1 " 1 . 1 . 1 . 1 " 1 8 0 — J'. : . .
1000 1500 2000 2500 3000 3500 4000 0 50 100

Store Number

150 200

200__
250 300 350
Day




The Tevatron is competitive In HF

B factories program extensive and very
successful BUT limited to B ,B

e Tevatron experiments can produce all b species:
B,,By,Bs,B., B**, L, X,

s, =351£0.42£0.53mb@ |y|<1 p, >6

Compare to:
*i (4S) » 1 nb (only BO, BY)
«Z0% »7 nb g

Unfortunately
epp »100 mb / o

b production in pp collisions is so large (~300 Hz @ 1032 cm-2
Hz) that we could not even cope with writing it to tape!




Samples

*Good lifetime (~100fs) and mass resolutions (~15 MeV)
Mostly HF-dominated background ® well modeled

| ARGE:
«J/y (dimuon trigger): ~ 1,000,000 J/y

*|IDX (4 GeV lepton+displaced track) ~ 100,000 ID
Fully hadronic (two displaced tracks) -~ 10,000 B
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Organizaton of this talk

e Time frame:

— New results since last users meeting
(few exceptions...)
e Focus on results which are
complementary to/competitive with B
factories

 Emphasize the development of tools
and techniques at each step



Complementarity to B factories

B MASS
VALUE {GeV) DOCUMENT D TECN COMMENT
6.4 $0.39:40.13 L ABE 98M CDF  pp 1.8 TeV
e » ¢ We do not use the following data for averages, fits, limits, etc. » » »
6.32+£0.06 2 ACKERSTAFF 980 OPAL ete— — 2

1 ABE 98M observed Eﬂ.lii_g'g events in the B: —  Jfd(1s)fry with a significance of

> 4.8 standard deviations. The mass value is estimated from m{J/:(15)4).

2 ACKERSTAFF 980 observed 2 candidate events in the B, — J/4(15) =1 channel with
an estimated background of 0.63 £ 0.20 events.

B* MEAN LIFE

VALUE {10 b 5] DOCUMENT D TECN  COMMENT

0461018003 3 ABE 98M CDF  pp 1.8 TeV

3 The lifetime is measured from the J/1{15)¢ decay vertices.

B8} DECAY MODES x B(b — B,)

Ec_ modes are charge conjugates of the modes below.

Wode Fraction (I';/T) Confidence level

The following quantities are not pure branching ratios; rather the fraction
/T x B(b — B.).

e J/1(18)¢" vpanything {5.21‘%:;] x 1072

My J/{15)nt <82 x 1075 90%
s J/p(1S)at nxt ™ <57 x 10—4 90%
M4 J/1(15)a1(1260) <12 x 103 90%

g  D*(2010)+ D° < 6.2 x 10~3 90%

o CDF Run 2 Preliminary 360 pb”'
L 6 2
= B Jwv Tt B; Mass = 6.2870+0.0048 GeV/c
L2 Ry Resolution (fixed) = 15.5 MeV/c®
n & Signal: 18.9+ 5.7 events
£ 5 __ Mean exp. backgd.: 10.0+1.4 evis
[ 0 under peak
L [
g a4
o E
c Il
]
O 3 =
| E— a -
0 = I 1 | 1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 !

6.2 6.25 6.3 6.35 6.4 6.45
Jiynt Mass (GeV/ic")

m= 6.287 + 0.0048 + 0.001169\%2

Hep-ex/0505076

eFirst signal of fully
reconstructed B,

Direct mass measurement!



Branching ratios

We have measured several branching ratios...
(and many more to come!)

fs Br(B;— D )
e > = . .05(stat 04(syst) + 0.09(B
BB Do) = 30+ 0:05(stat) & 0.04(syst)  0.09(BR)

CDF Run Il Preliminary, L=119pb
| NB.) =84 + 11

n
o

Entries per 20 MeV/c 2
= M ]
T ;

I~
=
T

http://www-cdf.fnal.gov/physics/new/bottom/031002.blessed-bs-br/

CDF Run Il Preliminary L=355pb" e ._".:i:i."" -{M*quqi“-h-&l
s b ¥ 5.0 55
= [ B w(eS) g wES) ouk D.n* Mass [GeV/c"]
% gl yield =202 + 50 events B (B w(28)¢)
@ [ mean=5386.49 +1.88MeVic® r(Ds— _
W B e BTy, = 0.52 % 0.13[stat] + 0.06[BR] = 0.04[sys]
& I http://www-cdf.fnal.gov/physics/new/bottom/050310.blessed-dsd/
al- B° - [, D*. All Channels Combined. CDF Preliminary. 243 pb’
I 'I_‘ H > W0 Daw
i = [] TolalFit
L ” “ H ' B = [] Combinalorial
2_—-r I e A 1 11 ; i ” ” | ‘e a0 B_sD! X Mass - 52611+ 0 0008
(| \_‘ L] C[OOT T - L] @ e Width - 0.0104 £ 0.0008
'!I|-|_|| ']JL‘ILI:ul—I” |J| @ P g Signal : 332 £ 24
2.1 6515 52 525 53 535 54 6545 55 555 56 = | &
B, - y(2s) 6:y(2s) —» u'u” Candidates, Mass[GeVic’] “ Geg
40k

Fit Prob - 124 %

Br(B° -+ DID™) 1
Br(BY — D-3x) 2.00 +£0.16(NC) £ 0.12(syst) £ 0.50(BR)

55
Mass GeV/c”

http://www-cdf.fnal.gov/physics/new/bottom/050310.blessed-dsd/




N /1.5 MeV/c?

Branching Rations, continued: Baryons

The field to explore is so extensive that we have been
‘'stumbling’ upon unobserved signals all over the place, in
the ‘easiest’ cases:

W oy
By = Yu) _ 200 430 (stat) £ 1.2 (sysf)+” 7
B(ﬂf,—. — 1'1.2 ?T_) —2.1
http://www-cdf.fnal.gov/physics/new/bottom/050407 .blessed-Ibbr/
First observation of several L, semileptonic decays that
can ‘mimic’ the signal L, ® L 7mm
— Estimate the BR based on the observation
CDF Run Il Preliminary 360 pb™ _CDF Run Il Preliminary 360 pb

(BR) £0.5 (UBR)

35F

305_ P A, sideband r L (2625)

25F

-/\c sideband i

N /2 MeV/c?

30f 20F

N /1.5 MeV/c?
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L, Updated knowledge

Mass m = 5619.9 + 1.7 MeV/c?
Mean life 7 = (1.229 + 0.080) x 102 s

cr = 308 pm
A9 DECAY MODES

b

Fraction (I';/T)

J/w(18)A
ﬂjﬂ_

AT a1(1260) "

L. lu

pK +pp
L.p p p*
A~

L (2593) *1u
L (2625) *l u
S.*plu
SLlptu

(4.7+2.8) x 10~4
(4.1 +2.0) x 103

seen

(5.5 +1.8) %

<2.2x10°
seen

<13 % 103

seen
seen
seen
seen

Colors:

- PDG2004

- CDF contribution
beyond current

PDG2004

Delphi

CDF

CDF Il {this)

Aleph —

=i

L, mass

———

5668, + 16.+ B8,
5614. £ 21. = 4.

56210+40130

6619.7 +1.2+1.2

5575 5600 5625 5650 5675




BR & Rare decays

Exploit the large B production rate

Measure relative BR (e.g. nmto J/y K) to factor out
absolute e and luminosity measurements

*SM: BR(B.® nmm) <3.8E-9

.. . a3
eSensitive to new physics! 2 | cDE Prefiminaty 364 pb’
= B, o'l = CMU-CMU
] oo
Result: World's best limits 2 2 B
£ 5
_ a2 & %
BR(Bs — pu) <2.0x10” @95% CL sideband ~ @,o,  sideband
BR( By — uu ) < 4.9x10° @95% CL A adiie )
Publ: PRL 93, 032001 2004 Update: Hep-ex/0502044
, 0l — —
BR(D°® mm) £ 2.4" 10° at 90%CL 48 5 52 54 56 58
M,/ GeV/c

PRD 68, 091101 2003



Lifetimes

eLifetimes are an important experimental reference:

—Overlap with B factories ® understanding of
detector/trigger/analysis biases

—Further test on species not produced at B factories

eSystematic shift in HQE predictions?

*\We can test this: samples are at hand!

Experiment

U.bou.fU./o0.80.820.90.92 1 UD-E:bU.'.-'U_ fall.dd.dal.90.93 1

(M) /T(Bg) 1o C(Ap) /T (Bg)nwo

C. Tarantino, hep-ph/0310241 Oct 2003



Lifetimes: fully reconstructed hadronic modes
*Testbed for our ability to understand trigger biases

eLarge, clean samples “trigger” turnon

*Prerequisite for mixing fits! \ : pattern limit
Idg] < 1 mm

t(B*) = 1.661+0.027+0.013 ps
t(B°) = 1.511+0.023+0.013 ps

Litetime eticiency
=

t(B.) = 1.598+0.097+0.017 ps

[

CDFIl Preliminary L=360pb” . _ CDFIl Preliminary L=380pb" System atics (mn)
im; Trigger Scenatlo: | : | Ew“' B, D,x |
; BOA+HDCALET E D+ 9 Effect | Variation(pm) | Variation(gm)
= WO 8 KK | B’ B,
; : MO input 7 negligible negligible
b = Trigger Scenario: pr reweight 1.9 1.9
¢ BCA + BCC +LOWPT Secale Factor negligible negligible
- Bkg of description 1.1 1.1
1E Bky fraction 2.0 20
J . " [.P. correlation 1.0 1.0
as 0 o5 b1 ois 02 0 a3 03 Eff parameterization 1.5 1.5
g _ L,y significance negligible 2
'%IE it :‘=i '.'..‘!*:!.‘:".‘H"' tygjatbe i r Arl, E 1.0
3 A, Alignm. + others 24 2.4
—_— uf,Em,u.&? k| O o T GiE 0F 0 ”m[cr[rl[] Total | 1.2 4.7

http://www-cdf.fnal.gov/physics/new/bottom/050303.blessed-bhadlife/



Lifetimes: semileptonic

http://www-cdf.fnal.gov/physics/new/bottom/050224 .blessed-bsemi-life/
CDF Run Il Preliminary

1260 pbl  Combined lepton-D° eLargest statistics B sample

a | 4 fit prob. = 0.754

Tﬂdg . — Al .
E | f 5 More complicated background
g- 2 ! t/ Backgrounds ) ) -
A H Full statistics sample still under
g [ 7 ; study. Statistical uncertainty
5 /’ _ % expected:
o 4
© 1y 13,300 ) \
’ Signal events B* + 0.025 ps
R | B%, |+ 0.035 ps
19 -5.1 0 01 02 n_ls Od P r @ ~400 pb-l
Pseudo-proper Decay Length (cm) B"s + 0.04 ps
Ly + 0.05 ps )

Our understanding of sample composition tested with

‘Inclusive lepton’ sample: t(B*) = 1.653+0.029+0.032 ps,
t(BO) = 1.473+0.036+0.054 ps

o ; ics!
Working on systematics! o, 50) = 1.123:0.040:0.040



yigld ¢ (20 MeVic)

Constraining HQET tools for V,
CDF can probe HQET and constrain it!
Moments: kinematic parameters in B® InX_ decays

Non-leptonic *"

mass in B® InX_ éua

s Mean —: ..

COF Fun | Le180p0 I‘g’f"-z

B0 | B —D"Frly, a
m—l 1~L+

znﬁﬁ&l .,. +' 1_:

o *.-.ﬂuw-a-»- BRI P

\_» “n ||GE:'-.-"¢ E 1'?

RMS *iua

Rty __%_____i_ﬁ_;}:]!
= CDF
¥ BaBar 04
® CLEOO4

® Delphi 03 Preliminary_
— HQET fixed CDF M? Mg;.- and {Mz—rmz}

l.'! ﬂ2 Il-l IlE 0.8 1

E cut (GeV)

lepion

12 14 18

................

B CDF
¥ BaBar 04

CLED 04

0.2 @ Delphi 03 Preliminary

0

............

HQET fixed CDF (MZ-MZ) and ((M2- M2}

............

i

02 l]d 06 048 1
E\ptan CUL (GEV)

1.2 14 'IE-

HQET Parameters

CDF R 0T (180 pb ™) BE% CL contougs

PRDRC 71, 051102 2005



CP Violation & Mixing



CP: B® hh modes

eDifficult competition with B factories for t-dependent
tagged measurements

eInteresting B physics measurement of BR and ¢
eSignals overlap within mass resolution

eExploit kinematic handles and dE/dX to dlsentangle
components in a combined fit: COF Run 2 Preliminary, L=180 pb

- 225 I
s
.M -
pp = 200 F
= .;_“ [ | |
A L
-\." 1

the two track’'s momentum imbalance
odE/dX

With perfect particle 1D, separation
would be 'only’ ~60% better




CP: hh modes ... /a4

(457550)
*Good agreement with B factories BABAR ——

. (4.7+0.6+0.2)
*First measurement ever of B® KK

BELLE H H
BR(B4 = n*nT) (54+1.2+0.5)
=(0.24 £ 0.06 (stat.) £ 0.05 (syst.
BR(B,; — Kﬂ:ﬂ'$) ( ) > (sy ) CDF I : - :
(4.44+15)

N(B) - K—nt) — N(BS » K+n~)
N(By - K-nt) + N(BY - K+7-)

Acp = —0.04 + 0.08 (stat.) £+ 0.01 (syst.)

fa- BR(By — ntn¥) 2 3 4 5 6 7
——— =0.48 £ 0.12 (stat.) + 0.07 (syst.)
Js - BR(B; - K=K¥) Aot B - Kn}
f.- BR(B, » K*K7¥)
4 = 0.50 + 0.08 (stat.) £ 0.07 (syst.) CLEO2 | = !
fa- BR(Bq = K*n¥) (-0.04+0.16)
BR(B, = n*a¥ .
<l 1Y) £0.10 @ 90% C.L. BABAR  HEH
BR(B, -+ K*K¥) (0.133+ 0.03 + 0.009 )
BR(By » K*K¥
EiBs~ ) < 0.17 @ 90% C.L. BELLE - -

BR(Bq — K*n¥)
fs- BR(B; — Kiﬂ':':}
Ja- BR(Bg — K=n¥)
http://www-cdf.fnal.gov/physics/new/bottom/040722.blessed-bhh/
BR(Ay = hh) < 22-107°% (90%C.L.) 03 0.25020450.1-0.05 0 0.05 01 015
http://www-cdf.fnal.gov/physics/new/bottom/040624.blessed Lb_hh limit/

(-0.088 + 0.035+ 0.013

—

< 0.11 @ 90% C.L. CDF Il ———
(-0.04 + 0.08 + 0.01)




C P S§S Hep-ex/0502044

*b® sss transitions are ‘misbehaving’ at B factories

»..CDF 11 can look at them too. We started from fK:

r{B—¢KJT,,, [x10¥ Ag{B > oK)

CLEO2 j—m— BABAR ——

+2.1
(55.1,%086) (0.04 + 0.09 + 0.01)
BABAR i
(10224 0.5) BELLE H i H
BELLE Nt (0.01+ 0.12 + 0.05)
(9.4+1.1+0.7)

CDFIl | |

CoFll e (-0.07 £ 017 3J77)
(7.6+1.3+06) '

1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 11 | 1 11 1 | 11 1 1 11

|| 11
-0 0.1

T2 a 6 g 10 04 03 02 -04
" COF Runll Preliminary L=179410 ph“_
BR(B* — ¢K*) 2t MG
BRBE S5 0K 0.0076 = 0.0013 (stat.) & 0.0006 (syst.) 5 :
Acp(B* — ¢K*) = —0.07 £ 0.17 (stat.) 1003 (syst.) C
«..With the advantage of being able to look
at Bs too: |

BR(B, — ¢¢) = (1.4 £ 0.6(stat.) + 0.2(syst.) £ 0.5(BR's)) - 107> 5 352 54 s e




B. Mixing 101

*Dm_>>Dm

eDifferent oscillation regime ® Amplitude Scan

Perform a ‘fourier
transform’ rather than fit
for frequency

B lifetime

b

oiten
$D2 _(Dmsst)z\/ S
S+B




B. Mixing Ingredients

Proper tlme resolution

| Signal-to-noise |

| Event yield |

Sgnifi cance =



B. Mixing: tagging performance

eD? Hadronic (%) eD? Semileptonic (%)
Muon 0.46 +0.11 £ 0.03 0.577+£0.0474+0.034

Electron 0.18 + 0.06 &+ 0.02 0.293+0.033+0.017

JQ/Vertex 0.14 + 0.07 + 0.01 0.263+0.035+0.021

JQ/Prob. b1l =006 £ G0 0.1504+0.0264+0.015

JQ/High p+ 0.24 + 0.09 £+ 0.01 0.157+0.027+0.015

1:12 41018 1.429 + 0.093

convention: first uncertainty is statistical, second is systematic

use exclusive combination of tags

results for hadronic and semileptonic comparable within errors

use calibration derived from appropriate sample (ie hadronic for D_r)




B, Mixing: semileptonic

10 CPF Run Il Preliminary 355 pb”’
*B.® DIn Or .
S s o | ¢ datat1c A 95% CL limit 7.7 ps
’D ® f p (4355i94 31 ) O 8__ ----- 1645¢ ->--sensitivity 7.4 ps'l
S = data+ 1.645
'Ds® K*K (1750i83 0.42 ) rel 6:— data + 1.645 o (stat only) |
E - B, 1D, X
D ®ppp (1573+88 0.32) 4+
: i o | []]e
CDF Run Il Preliminary 355 pb " e [Lle?
& i — o Syl?
F00E s o [ ~caf "
= - N(Dy = 4355+ 94 | : I .,,--""" | .|
0 1200] * 0 e, @*H% T'
91000 f WW-W
2 800, 2+
Li,;:j: EDD' F4 |1 |_ A A A N (O O S N T
400" / ‘.* | 0 5 10 15 ?0
200 Lo ST e Am, (ps )
U- ..... P T |
185 190 195 200
mass(KK) (GeV/c?) Dm> 7.7 pst @ 95% CL

Reach at large Dm, limited by . A P
incomplete reconstruction (s.,)! O€nsitivity: 7.4 ps



*B.® D p
D®fp (52633 1.8)
D® K*K (254121 1.7)
*D® ppp (116+18 1.0)

B. Mixing: hadronic

54 56 58
K*K 7 m; mass [GeV/c]

I"O

Amphtude

N
L |

B

CDF Run Il Preliminary L ~355pb’
| « datax1c A 95%CLlimit 0.0ps” U
: 16456 )0 sensitivity | 0.4 ps™ ‘,.,-;/
] /"
] data+ 1. 64 0 T
] data+ 1. 64|$ (stat. onl*‘[\» -‘/0
-I _‘___'—__—_TF [} |'
?}Hl +"L | | | FTAWAL; H | | |“ "‘
W [ W \Hﬁ WH :
“*71 Hadronic
Olllll5llll1lollll1l5ll I%O
Am [ps ]

Dm> 0.0 pst @ 95% CL
Sensitivity: 0.4 ps!

Low statistics, but promising!



CDF Run Il Preliminary L ~355pb |
4] <+ datatic A 95%CLlimit 7.9 ps”
: 16450 O sensitivity 8.4ps”
data+1.6456 |“0u'o |
2 data+ 1.645 ¢ (stat. only) | ‘ | ‘ *
[} I Lt l !
-g - -T“““ l||db ‘ “‘ <r|
E T Il H
-2
4 Semileptonic+Hadronic Combined
5 10 15 | 20
Am [ps ]

Combined Bs mixing limit

0

Dmy> 7.9 pst @ 95% CL
Sensitivity: 8.4 ps-!

Amplitude

o —k
" .| :
e
—— %~
e
L

s =1
CDF Run Il Preliminary L ~ 355 pb
« datat1c A 95%CLIimit 14.5ps’
1.645¢ O sensitivity 18.6ps’

datat+1645¢c
data + 1.645 o (stat. only)

1
CDF+World Combined
' | 15

20

Dm> 14.5 pst @ 95% CL
Sensitivity: 18.6 ps

5 10 1
Amg [ps']



B, Mixing Perspectives

Analysis Is pretty much defined! We know where we can
Improve:

eStatistics
eData (brute force)

iE RE F
i 4 1lm I
i i | illg il f
] : S w31 et
alE Al 2.
1L gl eeD
| | PR R | .
1 i I | il -‘:-'-..14il T
L - T | T [
! =1 |
: ST 1] [ I
! l | 1 AR il ]
PR BRCTTIREN —
il HHE s (I i
| - - td ™
|t |

eAdditional taggers (SSK, OSK..)

Amplitude

Improve existing algorithms

0 B "4 15 " o0

mixing fraquency, Am, [pe ] *Proper time resolution

*\What happens for extremely large values of Dm.?

*\We have a backup plan...



Probing at large Dm_ . DG/G

B® J/yf

- B ®VV, mixture of CP even/odd
separate by angular analysis

— Combine two-lifetime fit + angular®
DG=G-G

- SM DG/G~0.12+0.06 (Dunietz,
Fleischer & Nierste)

Indirect Measurement of Dmg

geny 0
2 hg—zi
E‘ =2m Mg _(3705) 493
Dy, 3 mMaE smio ©
& o

DS 06592 +0,01
G "

PRL 94, 101803 2005

candidates per 50 pm
=

few ps? in Dm, !

BB, Jyo

CDF Run I

L ~ 260 pb™

- data
Sig ay
— Sig Light
Sig Hoi
Bkg Lang-Hved
Ekg Shortdived
Fit prob: 37.8%

0.1 0.0 [ 0.2 0.3
ct, cm
AT T,
Aleph HE—
(0.25 73)
DO Run ll | = |
(0.2135))
CDF Run ll — —
(0.657,0+0.01)

I.'.|.|.| il |.|.:_I.|.|.|.| T L T N A |.|..|..I..I.E.| TS |.I.|.
08 06 04 02 0 02 04 06 08 1



Conclusions

48 public results so far: lots of
successful h.f. physics!

- Well established samples and techniques

— Competitive with and complementary to B
factories

Infrastructure, tools and first
measurements of B, mixing are ready!

Accumulating statistics Is now crucial!
..Sstill much more to come!



Backup Slides



Results Omitted

Taggers calibration

- Semileptonic (050224)

— Hadronic (050224)
B mixing with SST (040812)
Mixing with combined taggers (040812)
NN based JQT on semileptonics (050303)
Improved JQT in semileptonics (040812)
Likelihood based SET (040812)
Likelihood based SmI' (040722)
Relative BR and CP asym. For D%® KK,Kp,pp (031211)
L, lifetime (030710)
X(3872) (040624, 040920, 050324)
DM(D.-D*) (030320)
D, and D, masses (040805)
B hadrons masses (040428)
Pentaquark searches (040819, 040428,040219,040428)
J/y inclusive cross section (030904)
Direct charm cross section (030403)
(Wrong sign) D°® Kp PR (040930)
QCD:

— Inclusive B jet production (Apr ‘05)

— Bbbar dijet production (Apr '05)



' The Collider Detector at Fermilab

Tracking: Lepton ID:
COT (central wire ikane
chamber)
: Electrons: CEM (EM calorimeter)
ISL (Intermediate
Silicon Layers) CPR (pre-shower detector)
SVX 11 (silicon vertex
detector) >
Layer OO (Innermost
layer of the Si X/
detector, glued to the T Tk
beam pipe) J |'
|
PID: o
dE/dX in COT 1 '_23~
TOF (Time of flight /

detector)



Exciting results in the B

sector
By s® hh *Despite the great success of B
B . ® ID*/+/0X factories, there is room for
Ui Interesting B physics at an hadron
B, ¢® ID**X machine!
B.® D p Lifetimes
B® fK *Branching ratios
B®ff *Rare decays
B®Y (2s)f *CP violation
B.®J/yp *Probing of HQET

B.® J/y X *Mixing!



We also have Baryons!

L ®IL X
L, ®J/y L

| ®

-cP

olg

r9u=

el naccessible to b factories

*Nice probe of HQET

oL ifetimes
*BR

*CP violation?

dg DECAY MODES Fraction (I;/T) Confidence level | [-v-le;i-"c:.
J/(18)A (4.7+2.8) = 10—4 1744
1: T sean 2345
’lL ai1260)™ seen 2156
A7 Teanything [t] (9.242.1) % -
pr 107" 00% 2732
pK - 5, < 102 00% 2711
AA =513 <103 00% 2701



el arge statistics: charm factory!

DO® Kp/pp/KK  *Mostly prompt production

DO® Mm Many interesting questions:
)*® Kpp -Produc_tion (s, correlations,
@ Dop mechanl-sms) |

eBranching ratios
‘J/y ® nm CP violation
D**® Dp Masses and widths (excited

states)



More ‘exotic’ stuff

LT T——
Several nice results: ; e g
e Baryons 5605_ + I + 681
e X(3872) 540;_ ﬁ [ i I

= I\/_Iass_ E,m;— A o +

- Lifetime . /\/\ |
e Pentaquarks S 5

Q= m(B"I)-m(B)-m(n) (GeVIc)

.. 1 don't have to cover them, but you can look at:

http://www-cdf.fnal.gov/physics/new/bottom/bottom.html



o(pp — HpX, |y| < 0.6).Br(Hy — J/vX).Br(J/y — pp)

o(pp — J/PX,

o(pp — bX, |y| < 1.0) = 29.4 + 0.6(stat) + 6.2(syst)ub

Production

240 + 1(stat) £ 21(syst) nb

24.5 + 0.5(stat) + 4.7(syst)

H®y X in 37 pb-! of data!

P, thr. s(y<1)
GeV/c nb
DO| 55 13.3+0.240.5
D** 6.0 5.2+0.1+0.8
D* 6.0 4.3+0.1+0.7
D.| 80 | 0.75+0.05+0.22

PRL 91, 241804 (2003)

PRD 71, 032001 (2005)

y(J/¥) |< 0.6) - Br(J/¢¥ — uu)

CDF Run Il Preliminary

@® Data with statistical uncertainties

- = Systematic uncertainties -

(Includes correlated uncertainties)

do/dp(H,) . Br(H,—J/w X) . Br(JAy—spp) nb/(GeV/c)

0 258 ] 75 10
p-(H,) GeV/c
10' 10
f D° D:
i

- = - =
v v 0 v,
@ 10 0 @ 0 10}
a E 0 a i+
£ £ 3 £ [
0 ] 1] ]
> i > > >
Py Py y Py
g 9 g 9
8 4 8 4

10F 10 [

i
\Illllillllllllllllliil |||||| I L | Il\llllllllll\l
46 8101214 16 18 20 46 81012 14 16 18 20
p; [GeVic] p; [GeVic]




Complementarity: B,

http://www-cdf.fnal.gov/physics/new/bottom/050330.blessed-bc-jpsimu/

Mode that gave the f

Irst

CDF Runll Preliminary: L=~360 pb"

45
evidence of the B, (CDF Run 1) <40 J[ « - B.>J/yX candidates
_ % 351 o - Total background
eLarge yield, no clean @ 30 06 .
. events
resonance though! D oo Jf
s 5 (R >6GeV)*BR(B,® J/ym) o4+ 0045100 @ 150 +
s_.(P>6GeV)BR(B*® J/yK*®) 0 § 12;
2 He 0; chll Ui plis el s PRTGY .
o CDF Run 2 Preliminary 360 pb 3 4 5 6+ 7 8 9 10 121 12
"E GE_B.;—>JJ’1|! ] g;f;ﬂ;:;:nﬁﬁﬁf:ﬁ: Qave, Mass(J/yu) [GeV/cT]
2 5:_ flllgan: :::.i:csk;:Y?lgt.gﬂﬂeﬂs
3 . under peak . )
£ a4 First signal of fully
24 ] reconstructed B,

-t IIITSH
|

—
—

6.2 6.25 6.3 6.35

1 1 | 1 1
6.4

6.45 2
Jiy x Mass (GeV/c")

eDirect mass measurement!

m=6.287 + 0.0048+ 0.001166\%2

Hep-ex/0505076



..Incidentals!

The field to explore Is so extensive
that we have been ‘stumbling’ upon

unobserved signals all over the place! %
B =
N 32 L _(2625) 2
N 26- ; ;
-
95| 32 ‘:;E |
7 (I
2.4- ST
2.3 112 “l 3
o =
| A»M(AS) 3
2.2-

A, - type 2, -type
» First observation of several L, semileptonic
decays that can fake the signalL , ® L ’;rm

— Estimate the BR based on the observation

CDF Run Il Preliminary 360 pb-1

30

M(Acc*)-M(A,) [GeV/cY]

||||||||||||

M(A n’"rr) M(Ac) [GeV/c?]



Lifetimes

e Critical testbed of HQE

- HQE vastly used for phenomenology
predictions

- b-hadrons lifetime ratios accurately
predicted

 Important experimental reference

— Overlap with B factories ® understanding of
detector/trigger/analysis biases

— Further test on species not produced at B
factories



Lifetimes: J/y modes

http://www-cdf.fnal.gov/physics/new/bottom/040428.blessed-Ift2/

ePrecision measurement

COF Run Il Preliminary CDF Run Il Freliminary
. . . ng B* }J_-'H:- K+ | o daia §1n' B JiyK” it

This was the starting point: 2. S mroe |3 Bes)

% prob: 86: m;;:rrt}]- %1 o ctBky )
Clean unbiased sample s g f ci(8kg.)

8 BIE Fit prob: 44.2%

s g

2

g

10 |

eReference for biased (e.g.

d isp I aced trac k) t r i gge rS COF Run Il Preliminary gk mass meve JCOF Hll.m 1} Pr&ll;tﬂinar:.r | | chem
. ﬂg 200 E::' _;,;;}.- K" | « data E-m - B iy K + data
Crucial test of our 5% cordane? mncw |20 Bess
understanding of: § oo (8 ey
g : % Fit prob; 64.2%
*Detector § (8]
. : 3 :
eAnalysis technique '

L ) . I
520 525 530 535

-0 oo [VE]
- - 2
.Sam p I e Com pOSItI On CDF Run || Freliminary {ultsl mass. Gelie GCOF Aun Il Preliminary o em
“"._.E L ?gﬁl} Jy ¢ « dala E. + data
g s & nandllaainlag_{ Emisig) & 0’ .ﬁt{ﬂig]'
e Fit prob: 88.6% m{Bkg) E
Svstematic effect | Uncertainty | Uncertainty | Uncertainty ; e | 8 - ebBkg )
(N CTg+fM | ON CTgotm | ON eTg, jim E coff : 144 | g ct(Bkg o)
VX Alignment +1.0) +— same 4— same S J 2 | Fit prob: 26.9%
Fit Model +1.7 +— same - same | g 40 dwp
Selection negligible — same “— same 8
Procedure Bias +1.3 +— same +— same = 1
Cross-feed +0.2pm —1.Tpm o . !
Total +2.4 +2.4 i = (e KK) mass, GeVic® s




HQET: baryon lifetimes and B moments
B lifetimes « Vcb
Dominant uncertainty comes from HQET extraction!

CDF can probe HQET and constrain it!

Probing: L, lifetime

C. Tarantino, hep-ph/0310241 Oct 2003

CDF Run Il Preliminary t5’5p!;n"T
IL’S‘J E

3 L] I . I I '. |. I L] . I I Ll .l .l I
t Unbinned Likelihood Fit To Ay Lifetime
i [ cT=374L78(stat)L29(syst)um

— signal region fit

i —— background fit
10
o d.ES :._E q.95 1 1.05 1.1 d.B5 _:-_H .95 _! 1.08 1.1 I E_ * ‘ ‘{ *
"—{'—J‘H]-'"r"— '-'rat:l.:'.ﬂ L:;:‘:i:'"r';{ﬁt'lj'ﬁ?ﬂ Iﬂjé t : : : 1 } } : | : } : :

t (L
ﬁB—g} =(81.3+18)%

http://www-cdf.fnal.gov/physics/new/bottom/030710.blessed-lambdab-lifetime/

.B5%0.74,.T750.B0.350.90.95 1
Cifg) /T (Ba) we



2
it Mass [GeV/c’]
o o
N 1 = !
L8] -+ o m

o
&

2.25

5.2

2,15

5.1

5.05

B® hh kinematics

CDF Run 2, Monte Carfo

I i
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e T |
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e
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1
o

OB_-‘ — KT
e B. - K 7"

Bd — K7™
° Bd _ ]"Jrﬁ
B, > KTK™

o By —



Extracting g from B® hh

Fleischer Hep-ph/9903456
Measure A.(B® KK), A,(B,® pp): 4 parameters:

o () = Al cos(Dmy t) + At sin(Dmy t)
5 ™ (t) = Adee? cos(Dmy t) + Abes? sin(Dmy t)

*With each asimmetry:
_ 2dsingsing
Fepar = 1 2 cosq cosg + d>
AL :+S|n2(f +g)- 2d cosq sin(X +g)+d?sin 2f
A 1- 2d cosq cosg +d?

Where d and g are different for Bs and Bd, but related
under U-spin by: Q, =0,

1- 172

Bd |2

dg, =d




Extracting g from B® hh

Fleischer Hep-ph/9903456

2dsingsing Q. =0
B, By

. =+
Pepar 1- 2d cosq cosg +d?

|
'%'
A :+sin2(f +g)- 2d cosq sin(2f +g)+d?sin 2f ¥st =dg, E
P~ 1- 2d cosq cosg +d?

Assuming also f ;=b, f ;=0 we can constrain to the B® y K, value
and constrain simultaneously (b,gd,q)

*SU(3) breaking of the order of 10-15% will lead to
systematic effects on this determination of the order of 3°

This method requires measuring A.p(t) for B.® KK...
Rather unlikely at CDF



Extracting g from B® hh

London & Matias Hep-ph/0404009

BOPP () = ASSPP cos(Dmy, t)+ AZ2P sin(Dm, t)

2dsingsing
~1- 2d cosq cosg +d*?

A:Pdlr -

Ao :+sm2(f +g)- 2d cosqg S|n(2f +g)+d23in2f
5 1- 2d cosq cosg +d?

s _GB,® KK) _ e-lC'z
GB,®pp) |C

«Assuming also SU(3) (d,= d., g,=9.) we have 3 unknowns (d,

d4.9) and 3 measurements (including the value of sin2b) b we
can determine ¢

e” + 2ed_cosq_ cosg +d.°
1- 2d cosq cosg +d?

Ri

fps

*SU(3) breaking effects are parameterized as well



Events / 10 MeV/c?

CDF RUN Il Preliminary

CP: fK

8

3

mlllllI'l’_M_I_Lillll|!iilliiiilllll|lll

30

20

10

BR(B* — ¢K%*)

L =180+ 10 pb” BR systematics

SYSTEMATIC ERROR |5

BY 4 ¢ K* yield 3.0

B* — J/yK* yield 3.3

Bi—)f/{w Kt Eunk [ERKEK 1.5

439 + 22 events (€] 2.6

ERiuo 1.4

Particle dependent XFT efficiency 3.3

acceptance o dependance due to CO'T ageing 0.3

x5, cui efficiency 3.0

BR{J/1 — pup) 1.2

BR(p — KK) 1.7

TOTAL 74

54 55 56 57 58 ACP systematics
M.« [GeVic
SYSTEMATIC ERROR

+0.034

fit ~0.020

detector charge asymmetry  0.005

0.034

BR(B* — J/9{K%*)

Acp(B* = ¢K*)

= 0.0076 £ 0.0013 (stat.) = 0.0006 (syst.)

—0.07 £ 0.17 (stat.) fg:g% (syst.) Hep-ex/0502044
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EAEBAR 04 1
o 0722+ 0040 0,023 : e
% Eelle 04 :
8 072840056 £0.023 ! e
Average (charmonium - all exps. ) ;
0.726£0037 : b
EABAR 04 '
U 0s0t025t oo !
=  Belle 04 :
0.06+033£0.08 F ':- -
EABAR 04 i
2 030t0.142002 I e
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B, Mixing 101

It's an Asymmetry measurement!!

Reconstruct signal

e Hadronic:
e good momentum resolution
e low statistics

e Semileptonic:
e Worse momentum resolution
e higher statistics

Determine “time” of Decay

— measure decay length

— apply boost
Sort the mixed from unmixed via b
charge at production and decay

- S'e= I\Imix-l-Nunmix

- D = *“Dilution” = 1-2P
- S® SeD?

Fix Dm and fit A
Scan vs Dm

mistag

_ N i (t) >N (t)
A mix (t) < N _ (t) +N, (t)

K cosDmt

-
L]

Mixing Asymmetry
o
(3] -
;
.
o ——
"l
T
—

(=
o

fli

1 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 | 1
0 2 4 6 8 10 12
Proper decay time t

S - (oms,)?/2 /SeDZ
S+ Be 2

&
- o
T o e
4&:—' ]
—————
[ ——
b, ————m
o
e




B. Mixing: proper time

eSamples (N, S/B)

*Proper decay length resolution

Ct — ny — nymB
bg o

o O
0 Sg p L, A ctg T

ct = mBLXy R(IDS)

| R(D,) \ R(B)

n

) u
S, = LA ect ‘ —A < U
B

e

P, ﬂ

0.35 CDF Il Preliminary

. s signal

ﬂ.ﬂﬂv; background
0.25,

ﬁ.EﬂE | . B,—D,r, D,—¢x
0.15

0.10| ¢ s

0.05f *° O

U.UU‘%—'—' ‘--=.'..=‘

“0-8%00 0.002 0.004 0.006 0,008 0.01¢

CDF Run |l Preliminary

Cgp CM

355 pb’’

£
=120 B s DL (D, = 0% )
=
a:l‘_ 100 ---- signal region
% r“ sidebands
g 80 : sidebard sublracted
1-5 < } [ Signal Oy = s8um
i | Background O = B3 pm
40| | “"}
T RERALE
Phl .
G ! HFI"}HI'\& = A
0 0.01 0 {32 0.03 0.04

B. decay time resolution {(cm)
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N
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Systematic untertainty

O
w

B. Mixing: systematics

9
N

Total

Prompt Background
fraction
0.15 Prompt Background
Dilution
/
0.05 ; / Dilution Scale
/" =
D ’ - ——| i |
0 1 0 20 i30
A mg (ps )

Semileptonic sample

Systematic uncertainty on Amplitude

=
o

o
»

CDF Il Preliminary

S
5}

o
X

Total

D scale factors

templates

sc:ale

resolutlon
shape

____other

" sources
20

Am (lm-‘»'?i0

Hadronic sample



B. Mixing: perspectives

Hadronic Analysis GOF Il
+ dalat lo A 95 CLImit 0Dps’ | 4
— 18450 0 sermilivty 04 pa’ 2 ] :
5| W datez a0 T J
dale *+ 1 B4E o {stat or'i'y'_:n'. : E %jm E Fi
] : A
g j‘ s "}’ I
= ik e A A S 1 TERE
e W T
<L I:I-_ h |1'-'II Ll Ik i 3 .I I 1
LA R H i
0 5 10 15 20

mixing fraquency, Am, [ps ]

Semileptanic Analysis CDF ||

« datatlo A G5% CLlmt 77pe’

- 1 B4 G O sensitivity 73ps’
54 B detat 16450
data £ 1 645 o (stat. only)
@
o o
= et
= Wocts :
S ot ut
E . ". | ™ | *H
|
-54 . — ——
0 5] 10 15 20

mixing frequency, Am, [ps'_]

4x effective
statistics

P

20%
Improvement in
ct resolution

30

Improvements:
*Yield
eTagger performance

*Proper time resolution

Tevatron Projection

[}
=

—
=

Sensitivity, Am_ [ps ]

5c observation
CDF & DO combined

7
|
i
i
i
i
|
|
|
|
i
i
i

|

I

-~ I

e |
E, |
|

|

|

|

' i
CDFitagging: add kaon tag, eD’= 3%
CDF vertex res.: 20% improvement
CDF/DO: Similar sensitivity

' |

2 4 6
Delivered luminosity/expt. [fb '1]
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¥ U

Transversity angles

W J/y rest frame
*(X,y) from KK

X axis along f
momentum

e
i

<5l *(Q,] ) polar and

; ¢
PR K" azimuthal angles

of nmi

0 *Y helicity angle
K - of f



CP violation in charm

AD° - KTK™) = 20+1.2(stat) + 0.6(syst) % For the future:
AD®° - ™) = 1.0+1.3(stat) + 0.6(syst) % eIncrease
http://www-cdf. fnal .gov/physics/new/bottom/040428 blessed-bphik_acp/ statistics
PDG 2004 averages: Best single exp. (CLEOO2):| | «Mixing:
A(D® KK): 0.5+1.6 % A(D°® KK): 0.0£2.2+0.8 % G(DO ® K+p')
A(D°® pp): 2.1+2.6 % A(D® pp): 21.9+3.2+0.8 % Gp°® K'p”)

eLarge statistics gives access

. COF Run |l preliminary 183pk™” s COF Run |l preliminary 183k
to detailed features! S o Kor W % o ey B
., e W § T
*We will soon improve the g wosecns ) E ]l sarecus [,
knowledge of BR(D'® p*pp) - b = E 'r.,x' b
«Theory predicts that direct \ | b R
CP asymmetry could be O(103) . ' o o B ae |
[hep-ex/9612005] _- R AR
.E792: _O-Ol7i0-042 [hep' Nul:nrmlz;linrﬂccﬂplﬂn;n mz[K.::lj{QV?jnq} Nul:nrret:m:i;ltnracccplan;n mﬂ.tﬂlj{ﬁov?ﬁnq}

ex/9612005]




